In a previous study by the author (1936) of over four hundred strains of non-gas-producing lactic acid rods isolated from fermenting substances, the differences in characters observed appeared to be more varietal than specific in nature. It was concluded that twelve previously described and named species were identical in whole or in part with Lactobacillus plantarum (Orla-Jensen) Bergey et al.
Jensen in his genus Betabacterium. These produce considerable amounts of by-products other than lactic acid, such as carbon dioxide, alcohol and acetic acid. Three species are recognized by Orla-Jensen as belonging to this genus.
The fourth edition of Bergey's Manual of Determinative Bacteriology (1934) lists a total of 39 species as belonging to the genus Lactobacillus Beijerinck, 1901 . In the key, this genus is recognized as containing three types of species which correspond in a general way with the three genera designated by Orla-Jensen. The Manual lists 19 species of gas-producing types as having been described by various investigators. It is evident, on casual examination, that some of these either are so incompletely described as to be unrecognizable, or are duplicates of previously described species. The present study was undertaken to determine the relationships involved.
PRESENT STUDIES
All of the gas-producing lactic rods vary in their morphology, with a decided tendency toward the formation of rods of short to medium length, and with rounded ends. Weakened strains or strains grown under unfavorable growth conditions, as in acid or high-alcohol-content media, tend to grow out into long filaments which often show granules when stained with methylene blue. This is true of strains isolated from fermented plant products containing acid such as sauerkraut and tomato juice, and from milk products such as kefir and the like, or alcoholic products such as beer and wine. As a result, strains have been described as distinct species on the basis of morphological differences alone. Colonies in deep agar tend to be small, compact, and round but are apt to be lenticular near the surface, or larger and spreading on the surface. On acidified or semi-solid agar, colonies are still larger and more diffuse.
When the gas-producing lactobacilli are grown under identical conditions, they produce similar end products from the fermentation of sugars. All yield approximately 45 per cent of inactive lactic acid, with possibly a slight excess of laevo or dextro lactic acid from glucose. Practically all of the remainder of the sugar GAS-PRODUCING SPECIES OF GENUS LACTOBACILLUS is transformed into acetic acid, alcohol and carbon dioxide. Weakened strains or strains grown under adverse circumstances such as aerobic conditions, produce less lactic acid and more acetic acid. Mannitol is a major end product from levulose, the percentage amount varying with the ability of the particular strain to utilize this carbon compound. When the pentose sugars are fermented, acetic and lactic acid are the major end products.
Characters, such as the inhibiting effect of salt and acid, utilization of protein, growth in milk, etc., are important, but since they are dependent upon the immediate past environment, they do not provide a significant basis for type differentiation.
All strains were found to ferment carbon compounds fairly consistently but the amount of fermentation naturally varied with conditions of growth. In making determinations, conditions were standardized as far as possible. Five or ten cubic centimeter amounts of a yeast-extract, Tryptone (hydrolyzed casein) broth, pH 6.8 to 7.0, containing the test compound were inoculated with one drop of a two day growth in a glucose broth. Xylose, arabinose, sucrose, and lactose solutions were usually sterilized by filtration and added to the sterilized broth. Cultures were incubated 10 days at 30 to 320C. and then titrated with N/10 sodium hydroxide using brom-thymol-blue as an indicator.
The fermentation of arabinose was particularly interesting since a large group of cultures produced much acid while a small group failed almost entirely to utilize this sugar. The pentose, xylose, gave more variable results than any of the sugars utilized. Considerable strain differences were noted, with a variation from those that fermented relatively few to those which attacked a long series of carbon compounds. Although such fermentations have been used in the past for species differentiation in this group, it is believed that they should not be used alone for the specific designations but rather for secondary and confirming characterizations.
The non- The optimum temperatures for growth of the various strains of gas-producing lactobacilli studied are much alike if considered from the standpoint of natural deviation from the normal. The more common strains have an optimum range from about 300 to 350C., grow well from 180 to 400C., show some growth at 100 and occasionally at 450C. A second group has a slightly higher optimum range, that is, about 350 to 450C., grows at 470 to 50'C. but grows poorly if at all, below 180C. Intermediate between these strains are those which may grow at the higher as well as the lower temperature. A fourth but lesser known group supposedly has a lower range, usually failing to grow above 400C. and having an optimum from about 270 to 330C. A fifth group also has a low temperature range of growth.
Such a grouping would be of little value unless there is a correlation with other characters. This is to be found, in part, in sugar fermentations. If the sugars which show the most striking fermentation differences, i.e., arabinose, lactose, sucrose and raffinose, are selected arbitrarily as key indicators, three fermentation groups may be distinguished which are correlated with groupings based on temperature relationships. Two other groups are included in the discussion.
temperature group fails to ferment or only slightly ferments arabinose, but usually ferments raffinose, mannose, sucrose, and lactose.
(3) The third, an intermediate but more uncommon group, ferments all of these sugars and its members grow over a wider range of temperatures.
(4) A fourth group will be described as the Lactobacilus pastorianus group. But little is known of it and cultures are not available. The strains described vary in their fermentation characters.
(5) A fifth group is similar in many respects to the first group in that it has a lower optimum temperature range and ferments arabinose; but in contrast it is very inactive toward other sugars.
There is therefore a correlation between fermentation of arabinose, lactose, sucrose and raffinose and temperature requirements for growth and three species may be recognized on the basis of these characteristics. Two additional groups need further study. Group 2. The arabinose non-fermenting group For the second group of organisms, which ordinarily grow at a higher temperature range, the name Lactobacillus fermentum Beijerinck is suggested. Thirty-six strains have been included in this group and as noted ( fig. 1, Row 1) , they usually do not ferment arabinose nor xylose but generally ferment sucrose, lactose and raffinose. These types have been well described by Beijerinck (1901) and later by Smit (1916) fig. 1, Row 2 ) than is the Lactobacillus brevis group. They are more heat resistant and show a wider temperature growth range. This group includes three described species but authentic strains are not available for all of these species. It is therefore difficult to determine the correct name or names for the described species of this group. The description of the species Bacillus buchneri Henneberg (1903) fig. 1, Row 6) .
A culture labeled Bacterium mannitopoeum Muller-Thurgau was received from Osterwalder. This culture has much in common with the inactive group in that it is quite inactive toward sugars; but its characteristics do not agree with the previously published description of the species described by Muller-Thurgau. These descriptions indicate that the species is related to Lactobacillus buchneri while this new culture is similar to Lactobacillus fructivorans Charlton, Nelson and Werkman. On the other hand, the culture sent by Osterwalder as well as authentic strains of the latter organism are similar to strains of Betabacterium caucasicum Orla-Jensen in that they ferment sugars poorly, attack arabinose, galactose, maltose, and levulose only ( fig. 1 The relationships of the species Lactobacillus fructivorans Charlton, Nelson and Werkman and Betabacterium caucasicum Orla-Jensen are still uncertain. More complete information is needed in regard to their relationships to the forementioned species and more definite knowledge should be obtained with respect to their gas-producing properties. The characteristics of organisms found in kefir grains should also be determined more completely.
